The present study deals with an empirical investigation between CO 2 emissions, energy intensity, economic growth and globalization using annual data over the period of 1970-2010 for Turkish economy. We applied unit root test and cointegration approach in the presence of structural breaks. The direction of causality between the variables is investigated by applying the VECM Granger causality approach. Our results confirmed the existence of cointegration between the series. The empirical evidence reported that energy intensity, economic growth (globalization) increase (condense) CO 2 emissions. The results also validated the presence of Environmental Kuznets curve (EKC). The causality analysis shows bidirectional causality between economic growth and CO 2 emissions. This implies that economic growth can be boosted at the cost of environment.
Introduction
Turkey has experienced a significant rise in economic growth, energy consumption and carbon emissions during the last two decades. Turkey is a candidate for full membership of European Union (EU) and therefore is likely to face significant pressures from EU during negotiations to introduce its national plan on climate change and global warming along with specific emissions targets (Ozturk and Acaravci, [1] ). Turkey is one of the important countries which have a high carbon emission and economic growth in the world. The reports of World Bank and UNDP indicate that CO 2 emissions would rise more than six-fold by the end of 2025 rather than 1990s, so it is a great challenge for Turkey to achieve both the targets of high economic growth and less CO 2 emissions at the same time.
The present study contributes in energy economics by four ways: (i), we augmented the CO 2 emissions function by incorporating globalization as potential determinant of energy intensity, economic growth and CO 2 emissions; (ii) Zivot-Andrews [2] ) unit root test has been applied in determining integrating order of the variables; (iii) Gregory-Hansen structural break cointegration test is used to examine the robustness of long run relationship between the variables and (iv), direction of causal relation is investigated by applying the VECM Granger causality test. Our findings confirm the existence of long run relationship between economic growth, energy intensity, globalization and CO 2 emissions. We find that the EKC is validated in case of Turkey. Moreover, energy intensity, major contributor to CO 2 emissions, and globalization improves the environmental quality. The feedback effect exists between economic growth and CO 2 emissions. Energy intensity and globalization Granger causes CO 2 emissions.
The rest of the paper is organized as follows: section-II presents review of literature; section-III provides data information, modeling and estimation strategy; result interpretations are in section-IV and section-V deals with conclusion and policy implications.
II. Literature Review
In 1991, Grossman and Krueger started the debate of Environmental Kuznets curve (EKC) which explained the relationship between environmental pollution and economic growth i.e. inverted U-shaped relationship. Later on, a series of debate has started by investigating the relationship between environmental pollution and economic development. Johansson and Kristrom [3] noted that the literature on EKC is not enough and this topic needs more empirical investigation. But Stern [4] argued the issues of EKC should be revisited by using new models and new decompositions with different panels and time series data sets. Similarly; Wagner [5] pointed out that the data on per capita CO 2 emissions and per capita GDP are not stationary in time series framework and this problem is not sufficiently addressed in literature. Therefore, many dimensions of EKC are available for further empirical investigation.
Existing literature provides two strands of relationship between energy consumption and energy emissions i.e. economic growth and energy consumption and, economic growth and CO 2 emissions in case of Turkey (see Ozturk, [6] ) for literature survey on energy-growth nexus). For example; Altinay and Karagol [7] investigated the direction of causality between energy consumption and economic growth. They applied unit root test to examine stationarity properties of the variables. The Hsiao Granger causality was applied using time series data over the period . Their empirical exercise reported neutral effect between economic growth and energy consumption. Lise and Montfort [8] probed the relationship between gross domestic product and energy consumption using annual data for the period of . The Granger causality analysis found unidirectional causality running from economic growth to energy consumption.
Soytas and Sari [9] analyzed the relationship between energy consumption in industrial and manufacturing sectors using multivariate model by incorporating capital and labor in production function. Their results indicated cointegration between the variables for long run relationship. The results of vector error correction (VECM) model reveal that there is unidirectional causality running from energy consumption to manufacturing GDP. Furthermore, the results of variance decomposition and generalized impulse response analysis confirmed that energy consumption is an important factor of manufacturing GDP. This implies that utilization of energy saving modes and energy efficiency technology may enhance manufacturing production in Turkey. Similarly; Jobert and Karanfil [10] reinvestigated the relationship between energy consumption and economic growth at aggregate level and at sectoral industry level. Their results reported that there is no causality between both variables at aggregate level as well as sectoral level.
Erdal et al. [11] used the data over the period of 1970-2006 to reexamine the relationship between energy consumption and real GNP. They applied augmented Dickey-Fuller (ADF) and Philips-Perron (PP) unit root tests to test stationarity properties of both variables and Johansen cointegration for long run as well as Granger causality test for pair-wise causality. The empirical exercise reported the cointegration between energy consumption and real GNP. The causality analysis revealed feedback effect implying that economic growth and energy consumption are interdependent. This suggests that any negative energy shock will put negative effect on economic growth of Turkey. Kaplan et al. [12] reexamined the causal relationship between economic growth and energy consumption over the period 1971-2006 using supply and demand side models. Their results found long run relationship as cointegration is found between the series. The causality analysis found feedback effect between economic growth and energy consumption. This shows that for achieving high level of economic growth more energy is needed and supply of energy further enhances economic growth, implying that any shock which occurred in supply of energy puts a negative impact on economic growth.
The second strand deals with the relationship between economic growth and CO 2 emissions such as, Akbostanci et al. [13] tested the direction of causality between income and environmental degradation using various stages of economic development using PM 10 They reported that trade openness (globalization) affects environmental degradation via scale effect keeping composition effect and technique effect constant. Similarly, Dinda [22] claimed that environmental degradation increases as scale effect dominates the composition effect and technique effect and same conclusion is drawn by Shahbaz et al. [23] that trade openness declines CO2 emissions in case of Pakistan. On the contrary; Wheeler [24] noted that globalization reduces environmental degradation due to the investment in energy-efficient technologies for production. Copeland and Taylor, [25] reported that globalization facilitates transfer pollution intensive technology to countries where environmental regulation are weak (in developing economies). In such circumstances, developed countries attain benefits from trade openness at the cost of environment in developing economies. Copeland and Taylor, [26] [34] reported that trade affects environment significantly and same view is confirmed by Frankel, [35] .
III. The Data, Modeling and Estimation Strategy

III.I. The Data and Modeling
We have used data of energy intensity per capita, CO2 emissions per capita, real GDP per capita and globalization index to probe the existence of environmental Kuznets curve (EKC) in case of Turkey. The data on energy consumption (kt of oil equivalent), CO 2 emissions (metric tons) and real GDP (Turkish currency) has been attained from world development indicators (CD-OM, 2012). The series population is used to convert all series into per capita. The data on KOF globalization index is borrowed from Dreher [36] . The globalization index is constructed from three sub-indices (social, economic and political globalization 1 ). The study covers the period of 1970-2010. The general functional form of our model is given in the as following equation:
We have transformed all the variables into natural logarithm following (Shahbaz et al. [23, 37] ).
The empirical form of our model is constructed as follows: 
III.II. Zivot-Andrews Unit Root Test
Numerous unit root tests are available to test the stationarity properties of the variables including ADF by Dickey and Fuller [38] , P-P by Philips and Perron [39] , KPSS by Kwiatkowski et al. [40] , DF-GLS by Elliott et al. [41] and Ng-Perron by Ng-Perron [42] . These tests provide biased and spurious results due to non-availability of information about structural break points in series. In doing so, Zivot-Andrews [2] developed three models to test the stationarity properties of the variables in the presence of structural break point in the series: (i) this model allows a one-time change in variables at level form, (ii) this model permits a one-time change in the slope of the trend component i.e. function and (iii) model has one-time change both in intercept and trend function of the variables to be used for empirical analysis. Zivot-Andrews [2] followed three models to validate the hypothesis of one-time structural break in the series as follows: 
III.III. The ARDL Cointegration
We employ the autoregressive distributed lag (ARDL) bounds testing approach to cointegration developed by Pesaran et al. [44] to explore the existence of long run relationship between economic growth, energy intensity, globalization and CO 2 emissions in the presence of structural break. This approach has multiple econometric advantages. The bounds testing approach is applicable irrespective of whether variables are I(0) or I(1). Moreover, a dynamic unrestricted error correction model (UECM) can be derived from the ARDL bounds testing through a simple linear transformation. The UECM integrates the short run dynamics with the long run equilibrium without losing any long run information. The UECM is expressed as follows: 
where Δ is the first difference operator, D is dummy for structural break point and t  is error term assumed to be independently and identically distributed. The optimal lag structure of the first differenced regression is selected by the Akaike information criteria (AIC). Pesaran et al.
[44] suggests F-test for joint significance of the coefficients of the lagged level of variables. For example, the null hypothesis of no long run relationship between the variables is 0 :
against the alternative hypothesis of cointegration 0 :
. Accordingly Pesaran et al. [44] 
III.IV. The VECM Granger Causality
After examining the long run relationship between the variables, we use the Granger causality test to determine the causality between the variables. In case of cointegration between the series, the vector error correction method (VECM) can be developed as follows: 
Results Discussion
Descriptive statistics and correlation matrix are presented in Table- 2. Based on JarqueBera test statistics, our results indicate that all the series are normally distributed having zero mean while variance is constant. This leads us to peruse further analysis. The correlation matrix reveals a positive association between the underlying variables. For instance, economic growth is positively correlated with CO 2 emissions and same is true between energy intensity and CO 2 emissions. A positive and high correlation is found between energy intensity and economic growth. Globalization is inversely correlated with CO 2 emissions, economic growth and energy. Table-4 . We lag selection is based on Akaike information criteria (AIC).
Lütkepohl, [45] argued that AIC has superior power properties for small sample data compared to other lag length criterions. The results reported in The robustness of long run results is investigated by applying Johansen and Juselies, [46] cointegration approach and results are reported in Table- Note: * and ** shows the significance at 1% and 5% level respectively. Note: * and ** show significant at 1% & 5% level respectively.
The problem with results of the ARDL bounds testing developed by Pesaran et al. [44] and Johansen and Juselies, [46] is that they do not have information about structural break stemming in the series. Therefore in order to overcome this problem we have applied GregoryHansen, [48] (1996) cointegration approach accommodating single structural break pointed out by Z-A unit root test. This test provides consistent and reliable empirical evidence as compared to other traditional cointegration tests (Shahbaz, [49] ). Table-6 reports the results of GregoryHansen cointegration and we find cointegrating single vector once we use economic growth, globalization and CO 2 emissions as forcing variables. This implies that cointegration is found in energy intensity equation after allowing for structural break in 1986. This break point is due the usage of more coal instead of oil due to the oil crisis of 1970s. Overall, we find that that long run results are robust. Note: *, ** and * ** denote the significant at 1%, 5% and 10% levels respectively.
The short run results are illustrated in lower part of Table- (Leow, [50] ). This confirms that the ARDL estimates are reliable and efficient. The presence of cointegration among the variables implies that causality relation must exist at least from one side. The directional relationship between energy intensity, economic growth, globalization and CO 2 emissions will provide help in articulating comprehensive policy to sustain economic growth by controlling environment from degradation and utilizing energy efficient technologies imported from advanced countries. We applied Granger causality test within the VECM framework to detect the causality between the variables. Note: *, ** and *** show significance at 1, 5 and 10 per cent levels respectively. The long run causality result reported that the feedback effect is found between economic growth and CO 2 emissions. This implies that Turkey is achieving economic growth at the cost of environment. The bidirectional causality is found between energy intensity and CO 2 emissions.
This suggests adopting energy-efficient technology to enhance production which emits less CO 2 emissions. The feedback effect also exists between economic growth and energy intensity This reveals that energy is an important stimulant like other factor of production and reduction in energy consumption would retard economic growth. This finding supports for energy exploration policies to sustain economic growth for long run. Globalization Granger causes economic growth, energy intensity and CO 2 emissions validating the globalization-led growth, globalization-led energy and globalization-led CO 2 emissions hypotheses.
The results of short run causality are very interesting. The neutral effect is found between CO 2 emissions and globalization and, the same is true for energy intensity and globalization.
Economic growth Granger causes CO 2 emissions. The feedback effect exists between energy intensity and CO 2 emissions. There is no causality between energy intensity and economic growth. The joint causality results are also reported in Table-9 validating our long-and-short runs findings.
Conclusion and Policy Implications
This paper probes the relationship between CO 2 emissions and economic growth by incorporating energy intensity and globalization as potential determinants of economic growth and CO 2 emissions in case of Turkey using annual data over the period of 1970-2010. We have applied cointegration approaches to test the robustness of long run relationship between the variables is in the presence of structural breaks. The VECM Granger causality approach has been applied to examine the causal relationship between economic growth, energy intensity, globalization and CO 2 emissions.
Our empirical exercise confirms the existence of cointegration in the presence of structural breaks in the series. Moreover, inverted U-shaped relationship is found between economic growth and CO 2 emissions i.e. Environmental Kuznets curve (EKC). Thus, beyond a threshold level of real GDP per capita, any increase in real GDP per capita is likely to reduce the carbon emissions per capita in Turkey.
Energy intensity increases CO 2 emissions and is a major contributor to energy emissions.
Globalization seems to lower CO 2 emissions. We find feedback effect between economic growth and CO 2 emissions. The bidirectional causality is found between energy intensity and CO 2 emissions and same is true for energy consumption and economic growth. Economic growth, energy intensity and CO 2 emissions Granger cause globalization.
Turkey is a candidate for full membership to the European Union (EU) and signed Kyoto Protocol to introduce its national plan on climate change and global warming along with specific emission targets and the associated abatement policies. Thus, numerous measures had been taken in last few years. However, these measures are not adequate for reducing environmental pollution without any sacrifices on the Turkish economic growth. To decrease carbon emissions and energy import related current account deficit of Turkey, the usage of alternative energy sources (renewable energy sources) like solar, wind, geothermal sources and bio-diesel fuel should be increased and green investment technologies should be supported.
For future research, renewable and non-renewable energy sources of energy can be incorporated in neo-classical production to examine the relationship between energy consumption and economic growth following Shahbaz et al. [51] and Leitão [52] by incorporating the globalization. Globalization is a potential determinant of economic growth and energy consumption. There is need of empirical investigation of sectoral environmental Kuznets's curve in Turkey to improve environmental quality and for sustainable economic development in long run. The sectoral analysis of EKC would be helpful for designing a comprehensive growth, energy and environmental policy to maintain living standard of Turkish people.
